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Abstract 
Sm3+ containing lithium borate glasses successfully prepared and their physical and spectroscopic properties were analyzed. 
Addition of Sm3+ ions increases the density of glasses due to creation of 4BO
  units. The absorption spectra of Sm3+ containing 
glasses show number of transition peaks as compared to base glass. Tauc’s method is employed to find the optical energy band 
gap of glasses. The value of optical energy band gap decreases with increase in Sm3+ content which is explained on the basis of 
structural changes.  From the excitation spectra it is clear that these glasses can be easily excited by UV and near UV light. On 
excitation these glasses show strong emission at 598 nm which corresponds to 4G5/2→6H7/2 transition. Luminescence results 
indicate that these glasses can be further modified for LED applications. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of The Organizing Committee of the 17th International Conference on Luminescence and 
Optical Spectroscopy of Condensed Matter. 
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1. Introduction 
Aggressive research on rare earth containing materials brings the revolutionary changes in the optical materials 
and optical devices.  The main driving force behind this aggressive research is the emission efficiencies of rare earth 
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due to 4f–4f and 4f– 5d electronic transitions. Use of rare earths (RE) elements or lanthanide in glasses makes them 
feasible to design various electro-optic and optical devices like lasers, color displays, amplifiers and solid state 
lighting devices [1-9]. Among all RE, samarium containing glasses are interesting to study due to strong 
luminescence and high quantum efficiency of 4G5/2 level therefore glasses doped with Sm
3+ ions have attractive 
applications as optical devices (e.g. optical data storage, color displays etc.) [9-12]. Addition of Sm2O3 leads to 
formation of more BO4 units in lead fluoro-borate glasses due to the disruption of di-borate units and reduces F‾ 
effect on PbO4 [13]. Ni et al. [14] reported that Sm
3+ act as a network modifier in Sm2O3- B2O3-SiO2- Al2O3 glass 
system which benefited optical properties of glasses. Optical band gap of CaF2 bismuth borate glasses decreases 
with Sm2O3 due to change in oxygen bonding in glasses which changes absorption characteristics and this is 
supported by increase in density[15]. 
This paper intends to study effect of Sm3+ ions on physical and spectroscopic properties of lithium borate glasses. 
In the present paper we discuss density, optical absorption spectra, optical energy band gap ( OptgE ), and 
luminescence properties of glasses prepared by melt quench technique.   
2. Experimental 
The glass series with general formula 27.5 Li2O – (72.5 –X) B2O3 – X Sm2O3 was prepared by standard melt 
quench technique described by Ramteke and Gedam [16]. Density of prepared glasses measured by using 
Archimedes principle. Optical absorption spectra of polished samples were recorded at room temperature using fibre 
optics UV-Vis spectrometer (Model-AVASPEC 3648). Fluorescence spectra were recorded at room temperature 
using spectroflurometer (JASCO FP-8200, Japan). The slit band width for both excitation and emission 
monochromator was kept 2.5 nm constant during measurement. The spectra was measured at an excitation 
wavelength of 402 nm and cross-checked by 598 nm emission. 
3. Results and Discussion 
 
Fig. 1 Glasses with different mol % Sm2O3. 
Fig. 1 shows optically polished glasses for optical absorption measurements. It is observed that with the addition of 
Sm2O3, glasses become orange in color. Linear absorption spectra of these glasses are shown in Fig. 2. The optical 
absorption edge is not sharply defined due to amorphous nature of glasses which shifts towards the longer 
wavelength with increase in Sm2O3.  Sm2O3 containing glasses show various absorption peaks as compared to un-
doped glass corresponds to various transition between ground state and higher energy state of 4f -5d electronic 
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configurations. The transitions were assigned by comparing the band position with those reported Carnall et al. [17].  
 
Fig. 2 Linear absorption spectra of Sm2O3 containing glasses 
It is interesting to study the band gap of glassy materials. The absorption coefficient α (v) is a function of photon 
energy for direct and indirect transitions which can be expressed as follow [18]: 
 0 /nOptghv E hvD D     (2) 
where α0 is an energy independent constant,  OptgE is optical band gap energy and the exponent the exponent n=1/2 
and 2 denote allowed direct transition and allowed indirect transition.  Tauc’s plot for direct allowed transition 
(n=1/2) is shown in Fig. 3 (a). OptgE can be obtained by extrapolating linear portion of curve to the X- axis. Obtained 
values of OptgE are presented in Table 1 and it is observed that 
Opt
gE   values decreases with the addition of Sm2O3. 
This decrease in OptgE can be understood on the basis of structural changes.  
 
Fig. 3: (a) Tauc’s plot for allowed direct transition (n=1/2), (b) Compositional variation of density and molar volume for Sm2O3 containing 
lithium borate glasses 
Fig.  3 (b) shows the variation of density and molar volume with the addition of Sm2O3. Both density (ρ) and molar 
volume (VM) of glasses increaes with the addition of Sm2O3. Direct replacement of B2O3 by Sm2O3 changes boron to 
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oxygen ratio which creates 4BO
  units results in compactness of glass structure and hence density of glasses 
increases. The higher molecular weight of Sm2O3 (348.80 gm/mol) than other oxides also has significant effect on 
increase in density of glasses wth Sm2O3. 
The increasing nature of molar volume (VM) with Sm2O3 reveals that addition of Sm2O3 opens the glass structure. 
Increase in molar volume with the addition of Sm2O3 may be due to the greater ionic radius of Sm
3+ as compared to 
other glass constituents. Since Sm3+ ions accommodate in the voids associated with 4BO
  units of glass network, it 
expands the glass structure results in increase in molar volume. For better understanding of structural changes in 
prepared glasses concentration of Sm3+ ions (N), mean spacing between the Sm3+ ion (ri), polaron radius (rp) and 
field strength (F) of Sm-O bond in the Sm2O3 glass system were calculated by using following equations [19] and 
depicted in Table 1: 
Concentration of ions (N) =       % of glass average molecular weight
ANmol RE
U
  Eq. 1 
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1
31
N
ª º« »¬ ¼        Eq. 2 
Polaron radius (rp) = 
1
31
2 6N
Sª º« »¬ ¼         Eq. 3 
Field strength (F) =  
2
p
Z
r
ª º« »« »¬ ¼
        Eq. 4  
Table 1: Properties of lithium borate glasses containing Sm2O3 
X mol % Sm2O3 0 0.5 1 1.5 2 
Opt
gE direct (n=1/2) eV 
4.1464 4.0562 4.0017 3.9662 3.9361 
Opt
gE direct (n=1/2) eV 
3.5592 3.5094 3.4636 3.4062 3.3375 
N x 1020 (ions/cm3) - 2.2946 4.5848 6.8717 9.1211 
riÅ - 16.3342 12.9686 11.3321 10.3114 
rpÅ - 6.5815 5.2254 4.5660 4.1548 
F ×1016 (cm−2) - 3.3299 5.2825 6.9184 8.3559 
 
where NA is Avogadro’s number, ρ is density of glass sample and Z is atomic mass of samarium ion.  It is observed 
that with increase in Sm3+ ions, ri and rp decreases. Decrease in ri and rp suggests that there is an increase in Sm-O 
bond strength which produces stronger field strength around Sm3+ ions (F). These calculated values are in support 
with the density results and confirms compactness of glass structure with the increase in Sm3+ ions. Due to increase 
in the compactness of glasses there is decrease in degree of delocalization of electrons. This decrease in degree of 
delocalization of electrons increases the donor centres in the glass matrix and therefore optical energy band gap 
( OptgE ) decrease [19, 20]. 
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Fig. 4: (a)Excitation spectrum for emission at 598 nm of 1.5 mol % Sm2O3 lithium borate glass (b) Luminescence spectra of the Sm2O3 containing 
lithium borate glasses. 
The excitation spectra (monitor at 598 nm) of lithium borate glasses containing 1.5 mol % Sm2O3 is shown in Fig. 4 
(a). Excitation spectra shows various excited bands centered at 344, 362, 374, 402,418, 441 and 474 for an emission 
at 598 nm. Similar results are observed for other glass samples which shows that Sm3+ content does not have any 
effect on position of these peaks. 
Fig. 4(b) shows emission spectra (excited at 402 nm) of Sm3+ containing lithium borate glasses. In the emission 
spectra three prominent peaks are observed centered at 562, 598 and at 644 nm which are assigned to 4G5/2→6H5/2, 
7/2, 9/2 transitions of Sm
3+ ions [21-23]. It has been reported that Sm3+ containing glasses emits bright reddish-orange 
light under blue and UV light excitations [15]. In the present series, glasses emits reddish orange light because of 
observed emissions at 562 (4G5/2→6H5/2), 598 (4G5/2→6H7/2) and 644 (4G5/2→6H9/2) nm. It can be seen from Fig. 4(b) 
that emission band at 598 (4G5/2→6H7/2) is most prominent band in all Sm2O3 doped lithium borate glasses. It is also 
observed from this figure that emission intensity is maximum for 0.5 mol % Sm2O3 and decreases beyond 0.5 mol 
%. This phenomenon is known luminescence quenching. The glass matrix is crowded by Sm3+ ions and inter-
nuclear distance (ri) between Sm
3+- Sm3+ ions decreases with the addition of Sm2O3 therefore the strong interaction 
between two active ions are able to transfer the excitation energy from Sm3+ ion to another [21]. Efficient energy 
transfer between Sm3+ - Sm3+ ion site results in luminescence quenching as shown in Fig. 4(b). The excitation 
spectra of Sm3+ containing lithium borate glasses (Fig. 4(b)) cover the whole long-wavelength UV, blue and bluish-
green spectral ranges [15].  
4. Conclusions 
Lithium borate glasses containing different concentration of Sm3+ ions have been prepared and their 
structural properties, optical absorption and luminescence properties were studied. Sm3+ containing glasses emit 
bright reddish-orange light under blue and UV light excitations. Among all emission band, 598 (4G5/2→6H7/2) is 
most prominent band. The excited spectra of Sm3+ containing lithium borate glasses cover the whole long-
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wavelength UV, blue and bluish-green spectral ranges. It indicates that these glasses are well suitable for LED 
applications. 
Acknowledgements 
D. D. Ramteke thankful to Science and Engineering Research Board (SERB), Dept. of Science & Technology, 
Government of India for providing financial assistant to attend ICL’2014, Wroclaw, Poland. 
References 
Selvaraju, K., Marimuthu, K. (2013). Structural and spectroscopic studies on concentration dependent Sm3+ doped boro-tellurite glasses. Journal 
of Alloys and Compounds, 553, 273-281. 
Jha, A., Richards, B., Jose, G., Teddy-Fernandez, T., Joshi, P., Jiang, X., Lousteau, J. (2012). Rare-earth ion doped TeO2 and GeO2 glasses as laser 
materials. Progress in Materials Science, 57(8), 1426-1491. 
Yang, Z., Jiang, Z. (2005). Frequency upconversion emissions in layered lead–germanate–tellurite glasses for three-color display. Journal of non-
crystalline solids, 351(30), 2576-2580. 
Gedam, R. S., Ramteke, D. D. (2013). Electrical, dielectric and optical properties of La2O3 doped lithium borate glasses. Journal of Physics and 
Chemistry of Solids, 74(7), 1039-1044. 
Gedam, R. S., Ramteke, D. D. (2012). Electrical and optical properties of lithium borate glasses doped with Nd2O3. Journal of Rare Earths, 30(8), 
785-789. 
Gedam, R. S., Ramteke, D. D. (2013). Influence of CeO2 addition on the electrical and optical properties of lithium borate glasses. Journal of 
Physics and Chemistry of Solids, 74(10), 1399-1402. 
Ramteke, D. D., Gedam, R. S. (2014). Study of Li2O–B2O3–Dy2O3 glasses by impedance spectroscopy. Solid State Ionics, 258, 82-87. 
Zhu, C., Yang, Y., Liang, X., Yuan, S., Chen, G. (2007). Rare earth ions doped full-color luminescence glasses for white LED. Journal of 
luminescence, 126(2), 707-710. 
Yamane, M., Asahara, Y. (2000). Glasses for photonics (pp. 216-217). Cambridge: Cambridge University Press. 
Manoj Kumar, G., Shivakiran Bhaktha, B. N., Narayana Rao, D. (2006). Self-quenching of spontaneous emission in Sm3+ doped lead-borate 
glass. Optical Materials, 28(11), 1266-1270. 
Mazurak, Z., Bodył, S., Lisiecki, R., Gabryś-Pisarska, J., Czaja, M. (2010). Optical properties of Pr3+, Sm3+ and Er3+ doped P2O5–CaO–SrO–BaO 
phosphate glass. Optical Materials, 32(4), 547-553. 
Mochizuki, S. (2003). Intense white luminescence of Sm2O3 irradiated with ultraviolet laser light under vacuum. Physica B: Condensed Matter, 
340, 944-948. 
Souza Filho, A. G., Mendes Filho, J., Melo, F. E. A., Custodio, M. C. C., Lebullenger, R., Hernandes, A. C. (2000). Optical properties of Sm3+ 
doped lead fluoroborate glasses. Journal of Physics and Chemistry of Solids, 61(9), 1535-1542. 
Yaru, N., Chunhua, L., Yan, Z., Qitu, Z., Zhongzi, X. (2007). Study on Optical Properties and Structure of Sm2O3 Doped Boron-Aluminosilicate 
Glass. Journal of rare earths, 25, 94-98. 
Ali, A. A., Shaaban, M. H. (2011). Electrical properties and scaling behaviour of Sm3+ doped CaF2-bismuth borate glasses. Bulletin of Materials 
Science, 34(3), 491-498. 
Ramteke, D. D., Gedam, R. S. (2014). Impedance spectroscopic characterization of Sm2O3 containing lithium borate glasses. Spectrochimica 
Acta Part A: Molecular and Biomolecular Spectroscopy. 
Carnall, W. T., Fields, P. R., Rajnak, K. (1968). Electronic energy levels in the trivalent lanthanide aquo ions. I. Pr3+, Nd3+, Pm3+, Sm3+, Dy3+, 
Ho3+, Er3+, and Tm3+. The Journal of Chemical Physics, 49(10), 4424-4442.  
Davis, E. A., Mott, N. (1970). Conduction in non-crystalline systems V. Conductivity, optical absorption and photoconductivity in amorphous 
semiconductors. Philosophical Magazine, 22(179), 0903-0922.  
Ramteke, D. D., Gedam, R. S. (2014). Luminescence properties of Gd3+ containing glasses for ultra-violet (UV) light. Journal of Rare Earths, 
32(5), 389-393. 
Marzouk, M. A., Ouis, M. A., Hamdy, Y. M. (2012). Spectroscopic Studies and Luminescence Spectra of Dy2O3 Doped Lead Phosphate Glasses. 
Silicon, 4(3), 221-227 
Arunkumar, S., Marimuthu, K. (2013). Concentration effect of Sm3+ ions in B2O3―PbO―PbF2―Bi2O3―ZnO glasses―Structural and 
luminescence investigations. Journal of alloys and compounds. 565, 104-114. 
Kesavulu, C. R., Jayasankar, C. K. (2012). Spectroscopic properties of Sm3+ ions in lead fluorophosphate glasses. Journal of Luminescence, 
132(10), 2802-2809. 
Shanmuga Sundari, S., Marimuthu, K., Sivraman, M., and Babu, S. S. (2010). Composition dependent structural and optical properties of Sm3+ 
doped sodium borate and sodium fluoroborate glasses. Journal of Luminescence, 130(7), 1313-1319. 
